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ABSTRACT 

This  volume  presents  the  cost  data  used  as  the  basis  for  developing  the 
trade  cost  estimating  technique  for  aerodynamic  surfaces.  Other  data 
that  has  become  available  in  the  course  of  the  study  is  also  presented. 
Raw  data  and  organized  data  arc  presented.  An  ultimate  objective  of  the 
study  with  respect  to  the  cost  data  base  is  to  present  back-up  data  for 
each  individual  CER,  including  both  trade  study  and  system  costing 
relationships. 

The  cost  trend  data  that  is  included  was  produced  unuer  an  amendment  to 
the  contract.  Its  intent  was  to  provide  a data  base  for  cost  estimate 
evaluation. 
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SECTION  I 


INTRODUCTION 


This  volume  presents  the  cost  data  used  in  the  formulation  of  cost  estimating  relation- 
ships for  the  aerodynamic  surfaces  trade  study  cost  estimating  module,  and  the  cost 
trend  data  that  was  prepared  as  an  add-on  task  to  the  basic  contract.  An  overlap  exists 
between  trade  study  and  system  cost  data  in  the  area  of  commonly  used  cost  estimating 
relationships,  i.  e. , the  data  supporting  development  of  nonrecurring  cost  estimating 
relationships.  Such  data  is  included  under  trade  study  cost  data  (Section  2.3)  since  it 
was  first  used  for  this  purpose. 


Trade  study  cost  data  is  described  in  terms  of  the  effort  directed  towards  its  collec- 
tion and  in  terms  of  its  subsequent  organization.  Minimum  data  consists  of  at  least 
one  data  point  suitable  for  use  as  an  analog.  Cost  data  is  organized  to  support  the 
CER  structure. 


System  cost  data  will  ultimately  be  included  and  will  cover  subsystem  level  data  and 
airframe  level  data.  Airframe  level  data  is  to  be  used  in  the  verification  of  the  e ti- 
mating  method  inasmuch  as  this  is  a more  commonly  available  level  of  cost. 


Cost  trend  data  is  supplementary  data  prepared  as  an  add-on  task.  It  reflects  an 
effort  to  show  general  cost  trends.  To  a degree  it  also  serves  as  background  to  the 
estimating  procedures. 


In  addition  to  the  above  data  and  as  a matter  of  convenience,  work  sheets  showing  the 
back-up  data  for  the  derivation  of  complexity  factors  for  design  options  used  in  the 
estimating  procedure  as  outlined  in  Volume  IV  are  included  in  this  data  volume  as 
Appendix  A.  Inclusion  of  this  data  provides  a basis  for  interpolation  between  com- 
plexity factors  for  perceived  variations  in  construction  methods. 


SECTION  n 


TRADE  STUDY  COST  DATA 

2.1  SUBASSEMBLY  LEVEL  COST  DATA  COLLECTION 

Major  aircraft  structural  components  were  analysed  at  a subassembly  level  in  order 
to  develop  detailed  cost  data  that  could  be  related  to  the  CER  structure  for  manufac- 
turing first  unit  cost  in  order  to  provide  the  cost  data  base  for  calibrating  general 
CERs,  or  as  a minimum  to  provide  a relevant  set  of  cost  estimating  analogs.  The 
cost  data  and  its  development  are  discussed  by  major  component  in  the  following. 

2. 1.1  HORIZONTAL  STABILIZER.  Data  shown  for  the  horizontal  stabilizer  is  that 
developed  for  the  feasibility  study  under  Air  Force  Contract  F33615-70-C-1340.  The 
data  and  the  steps  in  its  development  are  discussed  below  by  individual  aircraft. 

C-5A  Horizontal  Stabilizer 


An  initial  analysis  of  the  C-5A  Horizontal  Stabilizer  first  unit  cost  was  completed.  The 
results  of  this  analysis  are  shown  in  Table  1.  These  data  were  derived  from  an  analy- 
sis of  actual  costs  together  with  planned  standard  hours  to  apportion  costs  to  the  break- 
down indicated.  This  breakdown  was  inadequate,  however,  because  it  did  not  corres- 
pond to  to  the  CER  format.  Using  these  data  as  a starting  point,  a further  breakout 
to  the  desired  format  was  accomplished.  This  required  an  analysis  and  sorting  of 
weight  recorus,  and  a resorting  of  planning  and  detailed  drawings  to  conform  to  the 
weight  breakdown  that  is  the  basis  for  the  CER  structure.  This  resorting  served  also 
to  reconcile  C-141  and  C-5  breakdowns,  which  had  not  agreed  since  each  one  was  in 
accordance  with  its  own  assembly  sequence.  The  CER  weight  breakdown  format  was 
adhered  to  in  preference  to  the  assembly  sequence  so  that  the  CER  structure  matched 
the  output  of  the  structural  synthesis  program.  Weight  records  exist  for  each  of 
these  parts. 

Actual  costs  were  allocated  to  this  same  level  of  detail,  and  then  totaled  according  to 
the  CER  and  weight  breakdown  format.  The  resulting  revised  data  is  shown  in  Table  2. 

C-141A  Horizontal  Stabilizer 


The  C-141A  Horizontal  Stabilizer  underwent  the  same  initial  and  revised  analyses  as 
the  C-5A.  Table  3 shows  the  initial  data  and  the  resulting  revised  data  is  shown  in 
Table  4. 
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Table  1.  C-5A  Horizontal  Stabilizer  Actual  Hours  and  Material  Costs 


Table  2.  C-5A  Horizontal  Stabilizer  "Actual  Fir„.  I’nit  Hardware  Cost. 


Table  3.  C-141  Horizontal  Stabilizer  Actual  Hours  and  Material  Costs 


A(X)  Horizontal  Stabiliser 

Cost  estimates  used  in  competitive  bidding  on  the  Air  Force  A(X)  program  were  anal- 
yzed to  develop  a data  breakdown  at  a relevant  level.  The  results  of  this  analysis  are 
presented  in  Table  5. 

VF(X)  Horizontal  Stabilizer 

The  Navy  VF(X)  proposal  cost  estimates  were;  analyzed  in  a manner  similar  to  that 
for  the  A(X).  These  data  are  presented  in  Table  6. 

F-111A  Horizontal  Stabilizer 

The  standard  F-111A  horizontal  stabilizer  was  fabricated  by  Grumman  Aircraft.  Cor- 
poration. The  data  presented  in  Tables  7 and  8 were  obtained  from  Grumman  for 
this  study.  The  first  snows  basic  manufacturing  labor  and  material  data,  and  the 
second  gives  related  tooling  and  inspection  data.  These  data  were  further  analyzed 
to  arrive  at  projected  first  unit  costs  for  the  comparison  in  the  demonstration  esti- 
mates. The  first  26  units  shown  include  23  RDT&E  ship  sets,  and  three  sets  of  test 
articles.  A unit  includes  left  and  right  stabilizers.  The  RDT&E  phase  was  divided 
into  six  lots.  Tooling  is  based  on  a production  capability  of  16  units  per  month 
although  actual  production  was  only  from  four  to  eight  per  month. 

F-111B  Experimental  Boron  Epoxy  Horizontal  Stabilizer 

Material  and  structural  cost  data  for  the  F-lllB  experimental  boron  epoxy  horizontal 
stabilizer  are  presented  in  Tables  9 and  10. 

Note  on  Boron  Epoxy  Tape  for  F-111B  Horizontal  Stabilizer:  75,900  lineal  feet  oi 
NARMCO  5505  f reimpregnated  boron  tape  was  order  to  manufacture  five  shipsets  of 
F-111B  horizontal  stabilizers.  The  boron  epoxy  material  weighed  1100  pounds.  The 
following  procedure  was  used  to  establish  a cost  per  pound  value  for  the  boron  epoxy 
material  actually  used  in  each  ships et. 

The  boron  material  cost  of  $325,446  was  divided  by  1100  pounds  to  obtain  a $296  per 
pound  cost  for  raw  material.  Scrappage  and  loss  percentage,  assuming  the  1100  pounds 
were  all  used,  was  calculated  as  follows: 

163.3  lb/ss  x 5 = 815  lb  for  5 ss 

1100  lb  - 815  lb  = 285  lb  scrapped  or  rejected 

285 

— T = 35%  loss  percentage 
8x5 
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Table  5.  AX  Horizontal  ftahilizcr  ~ Estimated  First  In  it  Hardware  Cost. 
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Table  7.  F-lll  Horizontal  Stabilizer  — RDT&E  Actual  Manufacturing  Hours 
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Applied  to  the  raw  material  cost  this  gives:  $296/lb  x 1.35  = $400/lb.  This  cost  is 

assumed  to  cover  all  boron  epoxy  material  lost,  whatever  the  cost. 

Table  8.  F-lll  Horizontal  Stabilizer  — Inspection  and  Tooling  Hours 


Mfg  to  Inspection  ratio: 

Lot 

I 

12.3% 

(Hrs) 

Lot 

11 

13.  2% 

' 

Lot 

III 

12.  0% 

Lot 

IV 

12.3% 

Lot 

V 

12.  1% 

Lot 

VI 

10.  8% 

Average 

12.  08% 

Nonrecurring  Tooling: 

24  0 

, 155  hrs 

$2,054,697 

Nonrecurring  Tooling  Material:  $231,356 

Sustaining  Tooling:  17,328  hours 


Table  9.  F-111A  Boron  Horizontal  Stabilizer  Structural  Cost  Data 


Data  Source  Nomenclature 

Manufacturing  Hours 
First  Unit  (hr/lb) 

Steel  Pivot  Fitting 

12.  0 

Titanium  Assemblies 

47.  0 

Boron  Substructure 

44.4 

Bag  Core 

9.0 

Box  Assembly 

14.7 

Assembly  only  - Tip,  Leading  and  Trailing  Edges 

22.  8 

Boron  Skins 

16.0 

Total  Manufacturing  Hours  (with  Pivot  Fitting) 

29.  0 
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Table  10.  F-111B  Experimental  Boron  Epoxy  Horizontal  Stabilizer  Material  Cost  Analysis 


2.1.-  ViNG.  Data  shown  for  the  wing  has  been  used  in  conjunction  with  previously 
developed  horizontal  stabilizer  data  in  the  development  of  the  aerodynamic  surfaces 
module.  The  data  and  the  steps  in  its  development  are  discussed  below  by  individual 
aircraft. 

A(X)  Wing 

Manufacturing  direct  labor  hours  for  the  Convair  proposed  A(X)  aircraft  have  been 
detailed  as  shown  in  Table  11.  Aircraft  subsystem  hours  under  Wing  Primary  Assem- 
bly represent  assembly,  installation,  detail  fabrication  and  bench  assembly  for  those 
elements  and  parts  of  the  aircraft  subsystems  that  are  assembled  into  the  wing,  i.  e. , 
fuel  system,  flight  controls,  environmental  control,  hydraulics /pneumatics,  electrical, 
etc.  A manufacturing  WBS  includes  this  portion  of  the  assembly  task  as  part  of  the 
wing  whereas  an  engineering  WBS  includes  it  as  part  of  the  respective  subsystem. 

Under  an  engineering  oriented  WBS,  a wing  contains  structural  task  only.  The  break- 
down of  this  data  permits  consideration  either  way.  Material  costs  are  shown  in 
Table  12. 

Advanced  Structure  Fighter  Wing  Box 

A cost  estimate  was  submitted  to  the  Fort  Worth  operation  for  the  Upper  and  Ll  r 
Adhesive  Bonded  Honeycomb  Panel  Wing  Box  structural  design  concept  (GD  Convair 
Drawing  No.  610 RW 004  "A").  A summary  of  the  data  submitted  is  presented 
herewith.  The  estimate  is  based  on  the  AFFDL  cost  estimating  method  for  aero- 
dynamic surfaces,  including  CERs,  for  adhesive  bonding  that  will  be  incorporated  n 
the  method: 


Recurring 

Manufacturing  Labor: 

Detail  Fabrication 

Subassembly 

Box  Assembly 

Material: 

Structural 
Assembly 

Quality  Control: 


First  Unit 

9,935  hrs 
2,525  hrs 
6, 590  hrs 


$13,136 

3,360 


4,  000  hrs 


The  above  estimate  does  not  include  pylon  fittings,  pivot  fitting,  or  any  allowance  for 
rework.  The  following  summary  shows  the  extension  of  cost  to  the  506th  unit,  and 
includes  rework. 
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Table  12.  A(X)  Prototype  Estimate  “Wing  Material  Cost. 


f 


Component 

Description 

S/S  Mat'l 
Cost 

Sub  Total 

MUV 

Rate  Applic. 

% 

■ 

S/S  Total 
Mat1 1 Cost 
(By  Component) 

Wins;  Box 

Ribs 

$ 2,393 

20 

$ 479 

$ 2,872 

Spars 

2, 665 

20 

533 

3, 198 

Covers/Stringers 

3,782 

20 

756 

4,538 

Fuel  Tight  Comers 

12 

20 

2 

14 

Other 

646 

20 

129 

775 

Struct  Box  Assy 

459 

14 

64 

523 

Sub  Total 

$ 9,957 

$1,963 

$11,920 

Secondary  Structure 

Leading  Edge 

S 791 

20 

$ 158 

$ 949 

Trailing  Edge 

230 

20 

46 

276 

Ailerons 

1,251 

20 

250 

1,501 

Wing  Tips 

40 

20 

9 

55 

Spoilers 

324 

20 

05 

389 

Flaps 

545 

20 

109 

654 

Engine  Suppt  Ftgs 

540 

20 

108 

648 

Access  Doors 

20 

46 

278 

Other 

20 

987 

5,915 

Sub  Total 

$ 8,888 

$1,777 

$10,605 

Wing  Primary  Assy 

Wing  Assy 

S 1,102 

14 

$ 154 

$ 1,256 

Fuel  Svst 

19,208 

Various 

877 

20,085 

Flight  Controls 

20,286 

M 

619 

Em’iron  Controls 

2,  048 

It 

48 

2,096 

Hydraulic  Syst 

5,903 

It 

199 

6,102 

Elect  Syst 

2,850 

It 

467 

3,317 

Sub  Total 

$51,397 

$2,364 

$53,761 

Wing  Final  Assy 

Wing  Mate 

$ 275 

14 

$ 39 

$ 314 

$11,920 


$10,665 


$53,761 
$ 314 


Wing  Ship  Set  Material  Grand  Total 


$76,660 
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First  Unit  506th  Unit 
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Manufacturing-  Detail  Fabrication 

9,935  hrs 

745  hrs 

Manufacturing  Assembly 

9,115  hrs 

1,375  hrs 

Quality  Control 

4, 000  hrs 

445  hrs 

Rework  at  12% 

310  hrs 

Labor 

2,875  hrs 

Material 

$16,500 

$10,400 

Progress  Cur’ve  Application: 

73%  Learning  Factor  (0.  0592)  + 0.  0158  = 0.  075  for  infg.  detail  fabrication 

81%  Learning  Factor  for  mfg.  assembly 

21%  of  manufacturing  labor  hours  for  quality  control 

95%  learning  factor  for  material 

The  Manufacturing  and  Quality  Control  labor  total  of  2,875  hours  compares  to  2,907 
hours  obtained  by  the  Fort  Worth  operation  by  grass  roots  estimating  techniques-  the 
$10,400  material  estimate  compares  to  a figure  of  $11,284. 

F-lll  Wing 

Cost  data  is  presented  for  the  F-lll  wing  box  based  on  an  analysis  performed  under 
Contract  F33615-72-C-2149,  Advanced  Air  Superiority  Fighter  Wing  Structures  Pro- 
gram. Wing  box  data  is  based  on  the  F-lll F design.  A separate  analysis  was  per- 
formed for  secondary  structure. 

Figures  were  extrapolated  from  costs  gathered  during  the  production  of  a specific 
aircraft:  aircraft  No.  506.  Using  these  data  as  a point  baseline,  learning  curves  and 
recorded  data  were  used  to  establish  a baseline  for  costs.  Unit  costs  for  the  1st,  2nd, 
50th,  150th,  200th,  506  th,  and  800th  unit  are  presented.  These  costs  were  generated 
for  a production  rate  of  20  aircraft  per  month.  The  point  cost  for  Unit  506  was  deter- 
mined for  the  actual  production  rate  and  is  provided  for  reference.  Component  costs 
for  skins,  ribs,  spars,  etc.,  were  established  for  the  point  aircraft  only. 

The  cost  information  is  based  on  expenses  incurred  in  the  fabrication,  assembly,  and 
outside  procurement  activities  for  the  production  of  an  F-111F  wind  during  manufac- 
turing Lot  Number  20.  This  lot  consisted  of  22  F-111F  aircraft  numbered  37  through 
58  and  represents  Aircraft  495  through  516  in  the  overall  F-lll  production  program. 
Only  the  basic  wing  box  is  included  in  the  first  set  of  numbers;  the  leading  edge,  trail- 
ing edge,  tip,  and  pivot  fitting  follow.  Pylon  attach  points  are  included,  but  the  com- 
ponents required  to  rotate  them  are  not  included.  Electrical  and  fuel  equipment  is  not 

16 


(X 


included.  All  assembly  operations  associated  with  the  basic  wing  box  are  included  in 
the  cost.  These  include  fuel  sealing  and  internal  corrosion  protection  systems  re- 
quired to  ensure  the  integrity  of  the  integral  fuel  tank.  Painting  of  the  external  surface 
is  not  included  since  that  operation  is  performed  after  installation  to  the  aircraft.  The 
point  cost  generated  for  F-lll  number  506  has  been  used  to  establish  a stable  baseline 
for  comparison.  Since  the  production  rate  greatly  affects  the  overall  cost  of  a struc- 
ture, the  baseline  cost  was  evaluated  to  determine  the  effect  of  an  alternate  20  air- 
craft per  month  production  rate.  Labor  rates  and  material  costs  in  effect  during  pro- 
duction of  the  point  aircraft  were  used  to  cost  the  baseline,  and  to  generate  the  base- 
line cost  curve.  This  curve  shows  costs  for  1,  2,  50,  150,  200,  506,  and  800  aircraft 
all  based  on  rates  and  charges  used  for  the  point  aircraft. 

A breakdown  of  costs  by  general  components  is  provided  in  Table  13.  Included  in  the 
individual  component  cost  is  all  recurring  direct  charges  for  material,  fabrication, 
hardware,  finishing,  installation  into  the  basic  wing  box,  and  sealing  operations. 

These  figures  are  based  on  the  point  aircraft  at  the  average  production  rate  actually 
experienced  during  the  F-lll  program. 

Costs  for  production  quantities  are  shown  in  detail  in  Table  14.  The  point  aircraft 
costs  for  both  actual  production  rate  and  for  20  aircraft  per  month  are  shown  in  Table 
14  to  permit  cross  referencing  to  Table  13. 

Overhead  costs  plus  General  and  Administrative  charges  are  shown  in  Table  14  for 
information.  Table  14  is  from  Reference  1. 

Available  secondary  structure  cost  data  is  summarized  in  Table  15.  Figures  are  per 
wing,  i.  e. , 1/2  ship  set. 

A-5A  Wing  (Including  Empennage) 

Available  cost  data  for  the  A-5A  wing  and  tail  structure  is  shown  in  Table  16. 

T-2A  Wing  (Including  Empennage) 

Available  cost  data  for  the  T--2A  wing  and  tail  structure  is  shown  in  Table  17. 

2. 1.3  VERTICAL  STABILIZER.  Resources  have  not  been  invested  in  a systematic 
study  of  detailed  vertical  stabilizer  costs  since  it  was  considered  to  be  similar  to  the 
horizontal  stabilizer.  Readily  available  data  was  accumulated  and  is  shown. 

C-5A  Vertical  Stabilizer  Material  Cost 


Table  18  gives  average  ship-set  material  cost  for  Lot  3 by  manufacturing  item  number. 
Costs  shown  exclude  manufacturing  usage  variance  and  allocation  for  bulk  materials. 
Lot  3 comprises  units  14  thru  31. 
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Table  13.  F-lll  Wing  Box  Component  Cost  Breakdown,  506th  Unit 


C omponent/  Activity 

Cost 

1.  Upper  Skin 

$ 1,903,89 

2.  Lower  Skin 

3, 011.75 

3.  Spars 

19,803.13 

4.  Ribs 

2,825.07 

5.  Pylons 

9,023.75 

6.  Miscellaneous 

6,072.41 

7.  Mfg.  Direct  Charges 

116.00 

8.  Subtotal  (1-7) 

$42,756.00 

9.  Engineering 

1,400. 00 

10.  Tooling  Maintenance 

554. 00 

11.  Other  Direct  Charges 

35.00 

12.  Subtotal  (9-11) 

$ 2,029.00 

13.  Overhead 

23,665.00 

14.  General  & Administrative 

5,475.  00 

15.  Subtotal  (13  & 14) 

$29,140.00 

Total  Cost 

$73,925 

C-141  Vertical  Stabilizer 


Table  19  gives  the  unit  labor  hours  for  the  first  five  production  units  broken  down  by 
major  structural  item  and  by  category  of  manufacturing  cost.  Additional  detailed 
data  is  available  organized  in  a standard  manufacturing  breakdown. 

2.1.4  FUSELAGE.  Detailed  analyses  of  fuselage  cost  for  a section  of  the  DC-10 
fuselage  and  for  the  Convair  propos ed  A(X)  are  currently  in  progress.  The  B-58  air- 
craft cost  study  provided  under  NASA  was  reviewed  for  detailed  cost  data,  however, 
it  was  found  that  the  subsystem  level  was  the  lowest  level  to  which  costs  were  broken 
down.  This  data  appears  in  Sections  2.3  and  3.2  as  appropriate.  The  following  data 
is  available  for  the  A-5A  and  T-2A  aircraft. 

A-5A  Fuselage 

Available  data  is  summarized  in  Table  20. 
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Table  15.  F-lll  Wing  Secondary  Structure  Cost  Breakdown 


Material 

Outside 

Procure- 

ment 

$ 302 

S 482 

191 

- 

12,277 

7,235 

4,202 

3,949 

Tabic  17.  T-2A  Aerodynamic  Surfaces  Cost  Data 
(200  A/C  Program) 


Item 

Weight 

db) 

Hours /Lb 
(First  Unit) 

Total  Body,  Wing,  and  Tail  Structure 

2,661 

20.1 

Total  Wing  Group  Structure 

1,161 

17.1 

Wing  Structure  (Incl.  Tips) 

879 

19.  0 

Flaps 

127 

11.5 

Ailerons 

87 

7.5 

Main  Gear  Doors  (wing) 

68 

11.2 

Total  Tail  Group  Structure 

285 

19.3 

Stabilizer 

162 

13.8 

Elevators 

85 

19.6 

Rudders 

38 

44.0 

Table  18.  Total  Unit  Average  Material  Cost  — C-5A  Ve  .leal 
Stabilizer  Box  Structure 


CV 

Mfg. 

Item  No. 

Convair  Mfg. 
Item  Description 

Lot  in 

S/ S Avg,  Cost 
By  Mfg.  Item 

15 

Structural  Assembly  Task 

$ 1,855.93 

16 

Ladder  Assembly 

60.40 

18 

Pivot  Fitting  Assembly 

6,303.70 

21 

Rear  Beam  Assembly 

2,097.64 

22 

Front  Auxiliary  Beam  Assembly 

703.88 

23 

Rib  Assemblies 

1,521.48 

24 

Front  Beam  Assembly 

1,854.66 

25 

Auxiliary  Beam  Assembly 

222.25 

26 

Skin  Panel  Assembly,  L.  H. 

20,040.39 

260 

Skin  Panel  Assembly,  R.  H. 

17,752.83 

S/S  Average  Cost  Excl,  MUV  & Alloc. 

$ 52,413.16 
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Table  19.  C-141  Vertical  Stabilizers  Manufacturing  Labor 


Cost 

Category 


Unit  Hours  Per  Ship 
#2  #3  i/4 


Vertical 

Fabrication 

4768 

4768 

4767 

4767 

4767 

Stabilizer 

Sub  Assembly 

1453 

1453 

1453 

1453 

1452 

Assembly 

Major 

7535 

4870 

5105 

4575 

3978 

Assist 

539 

539 

539 

539 

538 

Total 

14295 

11630 

11864  _ 

11334 

10735 

5 

Unit  Total  = 

59858 

Rudder 

Fabrication 

380 

380 

379 

379 

379 

Sub  Assembly 

360 

360 

360 

360 

359 

Major 

818 

671 

620 

606 

528 

Assist 

36 

36 

35 

35 

35 

Total 

1594 

14  47 

1394  _ 

1380 

1301 

5 

Unit  Total  = 

7116 

Vertical 

Fabrication 

77 

77 

77 

77 

76 

Stabilizer 

Sub  Assembly 

4 

4 

4 

3 

3 

Leading 

Major 

225 

92 

152 

66 

93 

Edge 

Assist 

9 

9 

9 

9 

8 

Total 

315 

182 

242  _ 

155 

180 

5 

Unit  Total  = 

1074 

Summary 

Vertical 

Fabrication 

5225 

5225 

5223 

5223 

5222 

Stabilizer 

Sub  Assembly 

1817 

1817 

1817 

1816 

1814 

Components 

Major 

8578 

5633 

5877 

5247 

4599 

Assist 

584 

584 

583 

583 

581 

16204 

13259 

13500 _ 

12869 

12216 

Static  Article 


5 Unit  Total  = 68048 
Fatigue  Article 


Fabrication 

13551 

Fabrication 

13528 

Sub  Assembly 

2414 

Sub  Assembly 

3454 

Major  Assembly 

12482 

Major  Assembly 

9806 

Assist 

531 

Assist 

531 

Total 

28978 

Total 

27319 
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Table  20.  A5A  Fuselage  Cost  Data  (50  A/C  Program) 


Item 

Grand  Total  Body,  Wing  & Tail  Structure 

14,079 

23.8 

Total  Body  Structure 

7,181 

33.3 

Total  Forward  Fuselage  Structure 

1,086 

42.7 

Forward  Fuselage  Structure 

418 

90.9 

Windshield 

88 

16.2 

Canopy 

423 

12.  0 

Auxiliary  Landing  Gear  Door 

35 

9.8 

Door,  Inflight  Refueling  Probe 

7 

103.0 

Radome 

75 

7.5 

Equipment  Bay  Access  Door 

40 

4.3 

Total  Intermediate  Fuselage  Structure 

2,521 

40.0 

Intermediate  Structure 

2,359 

39.4 

Main  Landing  Gear  Door 

162 

14.5 

Total  Aft  Fuselage  Structure 

3,574 

27.4 

Aft  Fuselage  Structure 

3,038 

27.8 

Engine  Access  Doors 

536 

19.4 

23 
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T-2A  Fuselage 

Available  data  is  summarized  in  Table  21. 


Table  21.  T-2A  Fuselage  Cost  Data  (200  A/C  Program) 


Item 

'VI 

Hi 

a ii 

Total  Body,  Wing,  and  Tail  Structure 

2,661 

20.1 

Total  Body  Structure 

1,215 

23.6 

Total  Forward  Fuselage  Structure 

658 

24.9 

Forward  Fuselage  Structure 

325 

34.1 

Windshield 

47 

6.5 

Canopy  Structure 

151 

16.4 

Nose  Gear  Door 

14 

27.1 

Forward  Engine  Access  Doors 

63 

19.0 

Baggage  Compartment  Door 

22 

20.0 

Equipment  Bay  Access  Door 

36 

19.8 

Total  Intermediate  Fuselage  Structure 

320 

23.3 

Intermediate  Fuselage  Structure 

249 

23.7 

Aft  Engine  Access  Door 

71 

18.7 

Total  Aft  Fuselage  Structure 

237 

19.0 

Aft  Fuselage  Structure 

188 

20.3 

Speed  Brake 

49 

14.2 

2.2  SUBASSEMBLY  LEVEL  COST  DATA  ORGANIZATION 

Detail ed  level  cost  data  has  been  organized  according  to  the  manufacturing  first  unit 
CER  structure  to  support  the  derivation  of  estimating  coefficients. 

2.2,1  MANUFACTURING  LABOR.  A series  of  39  charts,  Figures  1 thru  39  inclusive, 
show  the  plots  of  available  data  for  first  unit  detail  fabrication  and  subassembly  labor 
hours  for  aerodynamic  surfaces.  These  charts  will  be  augmented  as  additional  data 
is  processed.  The  use  of  this  data  in  the  derivation  of  cost  estimating  coefficients  is 
explained  in  Volume  I,  Similar  charts  for  fuselage  components  will  be  developed  dur- 
ing the  next  phase  of  the  study. 
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Subassembly  Hours  per  Pound 


Leading  Edge  Subassembly  Hours/ Pound 
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Figure  9.  Trailing  Edge  Detail  Fabrication,  Hrs/Lb  and  Weight. 
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Ailerons  Subassembly  Hours/ Pound 


Ailerons  Subassembly 
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o Tips  Detail  Fabrication  Hours/ Pound 


l'laps  Subassembly  Hours/  Pound 


Attachment  Structure  Detail  Fab.  Hours/ Pound 


Attachment  Structure  Subassembly  Hours/ Pound 


Attachment  Structure  Subassembly 


Figure  22.  Attachment  Structure  Subassembly,  Iirs/Lb  and  Weights. 
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Doors  Detail  Fab.  Hours/Pound 
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Pivots  and  Folds  Detail  Fab. 
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Figure  30.  Center  Section  Subassembly,  Hrs/Lb  and  Weights. 


Balance  Weights  Detail  Fab.  Hours/  Pound 


2.2.2  MATERIAL  COST  DATA.  The  material  cost  data  organization  is  that  developed 
for  the  horizontal  stabilizer  feasibility  study.  Basic  data  is  shown  in  Figure  40  for 
ribs,  spars,  and  covers.  Sheet  stock  cost  for  sheet  design  covers  is  taken  as  the 
reference  cost,  which  is  shown  by  the  solid  line.  Differences  between  mill  prices 
and  the  costs  indicated  reflect  adjustment  for  actual  scrappagc  from  cut-off,  machin- 
ing, drilling,  etc. , as  well  as  the  cost  of  shipping,  receiving  inspection,  inventory 
storage,  and  a portion  of  material  control  and  handling  costs.  The  estimating  equa- 
tions use  adjusted  raw  material  cost  and  a scrappage  factor  as  the  estimating  variables. 
Scrappage  factors  were  independently  developed.  These  are  shown  in  Table  22.  These 
factors  were  applied  to  the  original  data  (Figure  40)  to  arrive  at  a normalized  set  of 
values,  as  shown  in  Figure  41.  A curve  fit  of  normalized  aluminum  and  titanium  val- 
ues gives  the  two  curves  shown  in  Figure  41.  (Also  shown  in  Figure  40. ) Extrapolat- 
ing these  lines  back  to  the  one-pound  intercept  provides  the  basis  for  the  adjusted  raw 
material  cost  used  for  estimating  purposes.  These  values  are  summarized  in  Table 
23. 

Figure  42  shows  data  for  secondary  box  structure  and  other  structure  material  cost. 
This  includes  fairings,  leading  edges,  training  edges,  elevators,  balance  weights, 
tips,  hinges,  brackets,  seals,  access  doors  and  frames,  actuator  attachment  struc- 
ture, pivots  and  folds,  and  center  sections. 

The  material  cost  per  assembly  hour  factors  used  in  various  material  cost  estimating 
equations  arc  based  on  Figure  43  for  basic  box  assembly  hours  and  Figure  44  for  com- 
ponent final  assembly  hours.  These  values  are  summarized  in  Table  23. 

Fastener  type  material  cost  factors  are  given  in  Table  23.  These  were  developed 
based  on  consideration  of  the  C-5  fastener  type  material  cost  factors  noted  in  Figures 
43  and  44  modified  by  manufacturing  experience. 

2.3  SUBSYSTEM  LEVEL  COST  DATA 

Subsystem  level  cost  data  is  used  in  both  the  trade  study  and  system  costing  methods: 
in  the  area  of  nonreci  rring  costs,  where  common  CERs  are  used;  as  data  showing 
actual  costs  of  basic  structure  major  components  to  be  used  to  calibrate  the  results  of 
the  detailed  estimating  process;  and  in  the  system  cost  estimating  technique  develop- 
ment in  the  derivation  of  cost  estimating  relationships.  It  should  be  noted  that  subsys- 
tem level  data  has  been  shown  throughout  this  volume  in  the  form  of  aggregations  of 
the  detailed  data.  This  data  is  not  being  repeated.  The  data  shown  in  this  section  is 
that  used  in  the  derivation  of  subsystem  level  trade  study  OERs. 

2.3.1  ENGINEERING  DIRECT  LABOR  DATA.  Data  used  in  the  development  of  the 
cost  estimating  relationship  for  nonrecurring  engineering  direct  labor  hours  is  given 
in  Table  24.  Data  is  also  included  for  the  fuselage  since  this  component  is  expected  to 
be  handled  by  the  same  CER  form. 


64 


<1  c,  8 too  2 i <;  s 1,000  i 

finish i-;d  \vi:i(iirr  of  stiuvtfri: 


Figure  40.  Rib,  Spar,  and  Cover  Cost  per  Pound  Versus  Structure  Weight 


Table  22.  Material  Cost  Processing  and  Scrappage  Factors  for  Ribs,  Spars,  and  Covers 


MATERIAL  COST  PER  POUND  (1970  DOLLARS) 
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ial  Cost  Versus  Basic  Box  Assembly  Hours 
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Figure  44, 


000 

STRUCTURAL  BOX  PLUS  FINAL  ASSEMBLY  HOURS 


Material  Cost  Versus  Structural  Box  Plus  Final  Assembly  Hours 


2,3.2  TOOLING  DIRECT  LABOR  DATA.  Applicable  tool  manufacturing  direct  labor 
hours  data  are  shown  in  Table  25. 


2,3.3  MANUFACTURING  COST  DATA.  Data  is  presented  in  the  form  of  either  first 
unit  cost  or  first  unit  cost  per  pound.  This  data  is  in  addition  to  previously  detailed 
data. 

B-58  Cost  Data 


Results  of  the  B-58  Aircraft  Cost  Study  performed  for  NASA  by  the  Fort  Worth  Divi- 
sion under  Contract  NAS9-12101  were  reviewed.  The  cost  data  contained  therein  is 
at  the  subsystem  level  of  detail.  These  data  will  be  useful  to  this  study  in  two  ways: 
(a)  as  a set  of  data  points  showing  actual  costs  of  basic  structure  major  components 
that  can  be  used  to  calibrate  the  results  of  the  detailed  estimating  process,  and  (b)  in 
the  system  cost  estimating  technique  development  as  data  for  use  in  developing  cost 
estimating  relationships.  The  data  is  summarized  in  Table  26. 
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Table  25.  Tooling  Cost  Comparisons 


Table  26.  B-58  Subsystems  First  Unit  Cost 


Airframe  and  Related  Subsystems: 

Structure 

$ 8.54M 

Landing  Gear 

$0.  78M 

Nacelles 

1.95M 

Fuselage 

2.17M 

Wing 

3.36M 

Tail 

0.  28 M 

Propulsion 

0.06M 

Flight  Control 

1.39M 

Electrical  Power 

0.  SOM 

Hydraulics 

0.13M 

Escape  Capsule 

0.18M 

Environmental  Control 

0.36M 

Vehicle  Installation,  Assembly  and  Checkout 

1.70M 
$12.  86M 

Avionics  Subsystems 

Bomb/Nav. 

$9. 17 

M&T  Cont. 

0.40 

Passive  Defense 

1.08 

Data 

2.66 

Active  Defense 

0.53 

13.84 
$26.  7 0M 
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SECTION  m 


COST  TREND  DATA 


A variety  of  cost  trend  charts  have  been  prepared  under  a cost  trend  data  amendment 
to  contract  number  E33G15-72-C-2033.  Charts  presenting  costs  (inflated  to  1973 
dollars)  as  a function  of  physical/design  parameters  and  other  cost  trends  have  been 
prepared.  A specific  cost  terminology  has  been  used  for  all  charts,  as  defined  below. 

Program  cost  includes  the  R&D  cost  plus  procurement  cost  for  the  specified  number 
of  aircraft.  If  a 100-aircrafl  program  number  is  mentioned,  for  example,  this 
always  means  the  entire  cost  for  the  first  100  or  other  specified  mmber  produced. 
Aircraft  cost  includes  all  of  the  recurring  cost  of  aircraft  produced,  including  cost 
of  engines,  avionics,  armament,  recurring  tooling  support,  recurring  engineering 
support,  and  all  other  recurring  production  costs.  Airframe  cost  again  refers  to 
recurring  aircraft  production  costs  including  recurring  engineering  and  tooling  but 
omitting  engines,  armament,  and  avionics. 

Structure  cost  means  cost  of  structure  only.  This  has  been  achieved  in  some  ea:  cs 
by  adjusting  "cost  center  data"  to  remove  costs  incurred  at  the  cost  center  for  in- 
stalling portions  of  electrical,  hydraulic  instrumentation,  flight  control  and  other 
nonstruetural  subsystems.  Adjustment  percentages  used  were  based  upon  F411  and 
B-hS  cost  breakdowns  available. 

Charts  are  presented  in  the  following  subcategories  and  in  the  order  listed. 

a.  Parametric  Cost  Trend  Charts 

b.  Economic  Factors  Cost  Trend  Charts 

c.  Aircraft  Program  Cost  Charts 

d.  Structure  Subassembly  Cost  Charts 

InTation  adjustments  have  been  taken  from  Cost  Research  Report  Number  110A, 
dated  May  1973,  prepared  by  the  comptroller's  office  at  Aeronautical  Systems  Divi- 
sion of  Wright- Patterson  Air  Force  Base,  Ohio.  Data  have  been  obtained  from 
reports  available  to  General  Dynamics  Co.avair.  In  some  cases  it  was  necessary  to 
make  calculations,  by  using  cost-quantity  curves  for  example,  to  produce  comparable 
data  values.  Occasionally,  other  adjustments  such  as  estimating  for  and  adding  in  a 
missing  cost  such  as  production  material  cost  was  necessary.  These  adjustments 
and  interpretations  have  been  made  on  a best  efforts  basis. 
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It  is  quite  probable  that  with  additional  resources  some  additional  data  could  be 
developed.  The  areas  of  effort  would  include  additional  library  search  and  possibly 
more  analysis  of  available  information.  Additional  data  points  would  be  expected  to 
reinforce  the  general  trends  already  shown  by  the  charts. 

Most  desirable  are  additional  data  on  structural  costs  relating  to  the  major  struc- 
ture subassemblies.  These  data  are  needed  to  more  accurately  calibrate  and  evalu- 
ate the  cost  prediction  technique  which  is  the  primary  contractual  effort.  In  this 
area  no  additional  data  are  available  without  extensive  development. 

Parametric  Cost  Trend  Charts 


Two  sets  of  coil  aircraft  and  airframe,  have  Ivon  plotted  against  AM  PR  weight, 
design  gross  weight,  speed,  range,  density,  wing  loading,  design  Q,  and  wetted 
surface  area.  Costs  are  plotted  in  terms  of  1!)71!  dollars  per  AM  PR  jxjuikI  which 
normalizes  the  direct  effect  of  weight/size  on  total  aircraft  or  airframe  cost. 

AMPR  weight  is  defined  in  the  Aeronautical  Manufacturers'  Planning  Report  as  "the 
empty  weight  of  the  planes  less  (1)  wheels,  brakes,  tires  and  Lubes;  (2)  engines: 

(3)  starter;  (4)  cooling  fluid;  (5)  rubber  or  nylon  fuel  cells;  (6)  instruments; 

(7)  batteries  and  electrical  power  supply  and  conversion  equipment;  (S)  electronic 
equipment;  (D)  turret  mechanism  and  power  operated  gun  mounts;  (10)  remote  fire 
mechanism  and  sighting  and  scanning  equipment;  (11)  airconditioning'  units  and  fluid; 
(12)  auxiliary  power  plant;  and  (13)  trapped  fuel  and  oil.  " This  weight  concept  may 
be  referred  to  in  current  sources  as  "DC Pit”  weight,  after  the  now  Defense  Con- 
tractors' Planning  Report. 

In  different  words  the  aircraft  cost  for  purposes  of  the  cost  trend  charts  includes 
manufacturing  labor,  recurring  quality  control  manufacturing  materials,  recurring 
engineering  and  tooling  as  well  as  installed  propulsion,  avionics,  armament  or  other 
special  systems.  The  airframe  cost  includes  all  the  above  excepting  installed  pro- 
pulsion, avionics,  or  armament  systems.  Costs  for  all  the  cost  versus  parameter 
charts  are  cumulative  average  values  for  the  first  100  aircraft  produced  in  1973 
dollars.  Comments  regarding  the  individual  charts  follows: 

Figure  45.  There  is  a separation  of  aircraft  cost  as  a function  of  speed  seen  in  the 
chart.  The  faster  aircraft  show  higher  cost.  Also,  a downward  slope  with  iner  as- 
ing  weight  is  seen  for  aircraft  with  the  same  general  speed  range.  Data  points  are 
more  scattered  for  the  aircraft  points  than  for  the  airframe  points  because  ot 
variations  in  amount  and  complexity  of  installed  equipment. 

Figure  46.  The  same  separation  by  speed  range  and  same  downward  cost  trend 
with  increasing  weight  is  seen  as  before.  The  dashed  trend  lines  indicate  these 
effects. 
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Figures  47  and  48.  The  same  general  remarks  as  for  Figures  45  and  46  apply  to  the 
cost  versus  gross  weight  presentations.  Gross  weight  is  the  maximum  allowable 
takeoff  weight.  The  dashed  trend  lines  are  again  drawn  in  Figure  48. 

Figures  49  and  50.  These  examine  costs  as  a function  of  maximum  speed  in  knots  at 
best  altitude.  A definite  upward  cost  trend  with  increasing  speed  is  seen. 

Figures  51  and  52.  These  show  costs  as  a function  of  maximum  operating  range.  Al- 
though a definite  trend  c;m  be  seen  for  the  subsonic  aircraft,  range  does  not  appear 
as  a good  cost-related  parameter  for  the  higher  performance  aircraft. 

Figures  53  and  54.  The  figures  show  an  increasing  cost  trend  as  density  increases. 
Density  here  is  defined  as  AMPR  weight  divided  by  airframe  volume. 

Figures  55  and  56.  These  charts  of  cost  versus  wing  loading  do  not  show  any  obvious 
trends.  Wing  loading  is  defined  as  maximum  gross  weight  divided  by  wing  area. 

Figures  57  and  58.  These  charts  show  costs  as  a function  of  aerodynamic  pressure, 
or  "design  Q,  " in  terms  of  pounds  per  square  foot.  The  charts  show  an  increasing 
cost  with  increasing  Q.  The  slope  of  the  trend  breaks  sharply  upward  as  pressures 
rise  above  1000  pounds  per  square  foot. 

Figure  59.  The  points  available  for  plotting  show  a decreasing  cost  per  pound  trend 
with  increasing  wetted  surface  area.  It  should  be  noted  that  a cluster  of  fighters 
make  up  one  end  of  the  trend  line  while  relatively  slow  bombers  and  a cargo  carrier 
make  up  the  other  end  the  larger,  fast  aircraft  such  as  B-58,  B-l,  B-70  and  SST 
would  be  expected  to  fall  well  above  the  trend  line  indicated  here.  Also  note  that 
surface  area  is  a size  parameter  which  is  related  to  weight,  therefore,  similarity  to 
cost  compared  to  weight  can  be  expected. 

Figure  60.  The  same  downward  cost  trend  with  increasing  wetted  surface  area  is 
seen.  Scatter  of  data  points  about  the  trend  is  less  using  "airframe"  cost. 

Figure  61.  This  figure  shows  whole  airframe  costs  as  a function  of  wutted  surface 
area  while  airframe  cost  is  calculated  by  multiplying  the  cost  per  pound  times  the 
AMPR  w'eight.  No  trend  improvement  over  that  of  Figure  60  is  seen.  An  increasing 
cost  with  size  trend  is  noted.  'The  C-130  being  a slower,  boxy  type  aircraft  stimds 
off  the  trend  line  on  the  low'  side.  This  is  probably  typical  of  cargo  type  aircraft. 

Whale  costs  do  exhibit  trends  with  various  single  parameters,  improved  fits  to  pre- 
dicted versus  actual  cost  line  have  been  obtained  by  others  using  multiple  correlation 
statistical  analysis  techniques  which  consider  more  than  one  parameter  simultaneously. 
Parametric  cost  predictions  at  the  whole  airframe  or  aircraft  level  usually  use  equa- 
tions based  upon  this  type  of  analysis.  Computer  processing  is  required  Reference  1 
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Figure  58.  Airframe  Cost/lb.  versus  Design  Q 
(Costs  are  100th  Unit  Cum.  Avg.). 


describes  a set  of  equations  based  upon  multiple  correlation  of  AM  PR  weight  and  speed 
which  is  widely  used.  Over  the  years,  considerable  resources  have  been  spent  in  pur- 
suit of  similar  techniques.  So  far,  no  one  has  achieved  really  outstanding  results, 
probably  because  all  aircraft  and  aircraft  manufacturers  have  some  unique  design 
attributes  or  structural  features  which  are  not  accoimt  for  by  these  relatively  simple 
procedures. 

Economic  Cost  Trend  Charts 


This  section  is  made  up  of  a series  of  charts  showing  several  economic  trends.  The 
first  chart,  Figure  62,  shows  the  generally  increasing  cost  per  pound  of  newer  air- 
craft. The  costs  shown  are  not  inflated,  therefore,  the  upward  cost  trend  since  the 
late  1930 's  includes  not  only  inflation  factors  but  improvements  in  general  flight  per- 
formance and  greater  avionic  system  capability  as  well.  Weights  data  for  several  of 
the  older  aircraft  were  furnished  by  Col.  Clark,  Ret. , of  the  San  Diego  Aerospace 
Museum.  Cost  per  pound  for  the  Spad  and  the  SE-5  came  out  relatively  high  because 
of  the  very  low  AM  PR  weight  of  these  aircraft. 

Figure  63  examines  RDT&E  costs  as  a function  of  the  aircraft  design  gross  weight. 
The  IIDT&E  costs  include  the  full  aircraft  development  program  including  avionics, 
armament  and  any  other  special  system  development  but  excludes  engine  develop- 
ment. The  available  data  points  show  good  correlation  between  RDT&E  and  design 
gross  weight  although  the  faster  aircraft  and/or  those  with  complex  systems  appear 
on  the1  high  side  of  the  trend. 

Figure  64  shows  the  same  RDT&E  costs  plotted  against  speed.  There  is  a definite 
upward  cost  trend  with  speed  but  with  more  scatter.  The  X-15  aircraft  stands  out 
on  this  chart.  This  aircraft  was  more  of  a prototype/ research  bed  than  a true  air- 
craft. As  is  well  known,  it  was  launched  at  50,  000  from  under  the  wing  of  a 
"mother"  ship.  Only  minimum  aircraft  subsystems  were  aboard,  landing  was  on 
skids  for  example. 

Figure  65  describes  costs  to  carry  freight  under  both  military  and  commercial 
operations.  Costs  of  the  military  aircraft  cargo  aircraft  are  influenced  by  several 
factors  which  can  occur.  These  are: 

a.  Follow-on  from  a commercial  program  with  lower  R&D/modification  costs  and 
price  advantages  due  to  prior  production. 

b.  Large  production  orders  which  yield  lower  average  procurement  cost  and  lower 
pro-rated  R&D  cost  per  aircraft. 

c.  Special  design  requirements  such  as  short  field  and/or  rough  field  specifications 
which  may  add  to  cost  and  may  reduce  ton  mile  capability. 


96 


98 


SPEED  - KNOTS 


Figure  64.  RDT&E  Costs  versus  Speed 

(Costs  nclude  avionics  but  not  engine  develop).*. 
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Costs  per  ton  mile  arc  influenced  by  the  additional  consideration  of  aircraft  speed, 
payload  capacity,  hours  of  utilization.  There  seem  to  be  a slight  downward  military 
ton  mile  cost  trend  with  time. 

Commercial  costs  shown  are  average  values  from  12  airlines.  The  commercial  costs 
are  not  directly  comparable  to  the  military  costs  because  the  commercial  includes 
costs  for  ground  cargo  handling  as  well  as  costs  for  all  other  supporting  personnel, 
whereas,  the  military  costs  are  only  those  directly  attributable  to  aircraft  procure- 
ment including  RDT&E,  plus  direct  flying  and  aircraft  maintenance  costs.  The  C-5 
is  assumed  limited  to  10,000  hours  of  useful  life  because  of  structural  fatigue  exper- 
ience. The  ton  mile  cost  would  improve  by  more  than  a factor  of  2 if  useful  life  could 
be  increased  to  the  30,000  hours  expected  for  the  C-141. 

Figure  6G  shows  the  same  cost  values  as  plotted  previously  against  \eai  of  introduc- 
tion now  plotted  against  payload  capacity.  The  previous  comments  regarding  cost 
per  ton  mile  continue  to  apply.  As  was  logically  expected,  there  is  a downward  cost 
trend  with  increasing  payload  capacity  but  with  considerable  scatter  attributable  to 
the  factors  previously  discussed. 

Aircraft  Program  Cost  Charts 

I — I . ill..  


Charts  have  been  prepared  describing  the  F-102,  F-106,  and  the  B-58  programs. 

All  costs  have  been  inflated  to  1973  dollar  values.  Those  charts  show  graphically  the 
relation  between  monies  expended  for  RDT&E  compared  to  production  hardware  ex- 
penditures for  various  quantities  of  aircraft. 

Figure  G7  shows  the  cost  distribution  for  a 100-aircraft  F-102  program  excluding  en- 
gine and  avionics  considerations  as  noted.  Figure  68  shows  the  300-aircraft  F-102 
program  on  the  same  basis.  Figure  G9  shows  the  500-aircraft  F-102  program.  In 
this  case  production  costs  of  engines  and  avionics  are  included  as  separate  "pie" 
sections.  Figures  70  and  71  show  similar  cost  breakdowns  as  have  been  described 
for  the  F-102  program. 

The  foregoing  charts  show  what  everybody  already  knows,  and  that  is,  average  pro- 
rated RDT&E  cost  per  aircraft  goes  down  the  more  of  that  aircraft  produced.  So, 
there  are  two  areas  for  cost  per  aircraft  improvement  with  larger  orders:  The 

usual  cost-quantity  effect  and  the  lower  pro-rata  RDT&E. 

Figure  72  shows  a 100-aircraft  B-58  program.  This  aircraft  was  characterized  by 
a very  unusual  number  of  on-board  special  systems.  There  was  additional  ground 
handling  and  special  checkout  equipment  also.  All  of  these  systems  together  made 
the  B-58  an  elaborate  and  relatively  expensive  aircraft. 
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.gure  66.  Cost  per  Available  Ton  Mile  versus  Aircraft  Payload  (In  1973  cents) 


Total  1973  Dollars  = $576.  7M 


Note:  Avionics  and  Engines  Are  Not  Included  in  Either  RDT&E  Or  Production 


Figure  67.  F-102  One  Hundred  Aircraft  Program. 
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Note: 


$525.  OM 

(Engine  Cost  $83. 1M  & $67. 2M 
Armament  Cost  Not  Included) 


Total  1973  Dollars  = $913. 2M 


Avionics  and  Engines  Are  Not  Included  In  Either  RDT&E  Or  Production 


Figure  68. 


F-102  Three  Hundred  Aircraft  Program. 
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Total  1973  Dollars  = $1367. 9M 


Avionics  and  Engine  Costs  Have  Been  Added  For  Production  Only 


Figure  69.  F-102  Five  Hundred  Aircraft  Program. 


Note: 


Total  1973  Dollars  = $717. 7M 


Avionics  and  Engines  are  Not  Included  in  Either  RDT&E  Or  Production 


Figure  70.  F-106  One  Hundred  Aircraft  Program. 
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SupP°rt 
Tooling 
& PU. 

Engr- 


Airframe  Production 
$759,  OM 


M°tl  E Tother' 


Installed  Engines 
$104.  7M 


Electronics, 

Fire  Control,  Ordnance,  & » 
Armament.  $288. 5M 
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Total  1973  Dollars  = $1570. 3M 


Note:  Avionics  and  Engine  Costs  Have  Been  Added  For  Production  Only 


Figure  71.  F-106  Three  Hundred  Aircraft  Program. 
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Total  1973  Dollars  = $1677. 7M 

Notes  - None  of  the  Following  Program  Costs  Are  Included  Above. 


Modifications 

$174.  0M 

Spares 

$123.  4M 

AGE 

$161.  3M 

Personnel  Subsystems 

$ 69.  4M 

Other 

$137. 7M 

- Airframe  Production  Includes  $91. 1M  for  Assembly  & checkout 
Figure  72.  B-58  One  Hundred  Aircraft  Programs. 
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Structure  Subassembly  Cost  Charts 


The  following  collection  of  charts  examines  costs  of  structure  in  terms  of  labor  hours 
per  pound  against  structure  weight.  Four  categories  of  structures  are  examined: 
wing,  fuselage,  vertical  stabilizer,  and  horizontal  stabilizer.  Hours  are  defined  as 
recurring  manufacturing  labor  including'  recurring  quality  control  hours.  Effort  was 
made  to  adjust  for  outside  contract  tasks  winch  would  normally  be  a part  of  the  manu- 
facturing task.  Recurring  tooling  or  engineering  hours  are  not  included. 

An  important  adjustment  was  required  on  some  of  the  data  points  for  fuselage  and 
wing.  This  adjustment  process  was  necessary  because  aircraft  manufacturers  usu- 
ally do  not  manufacture  structure  only,  but  also  "build  in"  parts  of  other  aircraft 
subsystems  at  the  same  time.  Subsystems  parts  of  which  may  be  assembled  during 
structure  buildup  include  electrical,  hydraulic,  instrumentation,  flight  control,  fuel, 
and  others.  The  procedure  for  adjustment  consisted  first  in  reading  any  description 
accompanying  the  data  very  carefully  to  determine  if  such  an  adjustment  has  already 
been  made.  If  not,  then  a reduction  of  32.5  percent  was  made  in  the  fuselage  manu- 
facturing hours  and  a 24.5  percent  reduction  was  made  in  the  wing  hours.  No  adjust- 
ment of  horizontal  or  vcrlical  stabilizer  structure  was  made.  These  adjustment  per- 
centages are  based  upon  study  of  available  detailed  cost  breakdown  data  and  are  con- 
sidered as  approximate  values  for  military  aircraft.  Additional  data  are  needed  in 
this  area  to  perhaps  improve  this  adjustment  procedure. 

The  structure  subassembly  manufacturing  labor  cost  charts  are  arranged  to  show 
first  shipset  unit  cost  first  followed  by  a chart  showing  the  cumulative  average  cost 
for  50  ships ots  and  also  a chart  for  the  cumulative  average  cost  for  100  shipsets. 

Also  in  each  scries  is  a chart  of  first  unit  shipset  hours  plotted  as  a function  of  the 
aircraft  best  speed  at  best  altitude. 

Fuselage  Structure 


Figure  73  shows  the  first  of  the  series  of  fuselage  structure  manufacturing  labor  cost 
charts.  The  fuselage  structure  is  assumed  complete,  including  doors,  access  open- 
ings, and  all  other  included  structure  items.  This  chart  shows  first  unit  hours. 
Probably  a trend  lino  for  subsonic  aircraft  could  be  drawn  using  the  T2A,  CL-il , 
DC-10  and  C-141  points.  The  higher  performance  aircraft  fuselage  structure  hours 
fall  well  above  this  line. 

Figures  74  and  75  show  data  for  a cumulative  average  production  of  50  and  100  ship- 
sets  respectively.  Cost  relations/trends  are  similar  in  both  Figures  74  and  75  to 
those  of  Figure  73. 

Figure  70  shows  the  first  unit  labor  hours  per  pound  plotted  against  aircraft  speed. 

An  upward  trend  with  speed  is  seen. 
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Figure  73.  Fuselage  Structure  Hours  per  lb.  versus  Fuselage  Weight  (First  Shipset). 


Figure  74.  Fuselage  Structure  Hours  per  lb.  versus  Fuselage  Weight  (Cum.  Avg.  for  the  50th  Shipset). 


Wing  St  rue  Hue.  Wing  structure  includes  both  wings  and  includes  flaps,  tips,  roll 
control  surfaces  or  elevons,  etc.  Not  included  arc  fuel  tanks  or  fuel  system  elements, 
landing  gear  or  other  subsystem  controls  or  hardware.  Figures  77  through  80  show 
the  same  sequence  of  charts  as  was  shown  for  fuselages.  In  the  case  of  wings,  the 
spread  of  costs  between  wings  for  low  and  high  speed  aircraft  in  terms  of  cost  per 
poimd  versus  weight  seems  narrower,  i.e. , less  scatter.  The  same  general  down- 
ward slope  with  weight  is  seen  although  the  slope  may  be  somewhat  less  than  for 
fuselages. 


Horizontal  Stabilizer  Structure.  Horizontal  stabilizer  structure  includes  all  struc- 
tural elements  including  control  surfaces  and  ballast  weight.  Inclusion  of  the  ballast 
weight  tends  to  lower  the  apparent  cost  per  pound  since  little  labor  is  spent  on  the 
weights.  In  Figure  81,  the  first  unit  costs  follow  a rather  good  trend  line.  The 
abbreviation  owp  stands  for  outer  wing  panel.  Figures  82  and  83  show  more  scatter 
developing  as  different  learning  curve  slopes  come  into  effect,  Figure  84  does  not 
show  any  definite  cost  trends  with  speed. 

Vertical  Stabilizer  Structure.  Vertical  stabilizer  structure  is  intended  to  include  all 
structural  elements  including  the  rudder.  However,  in  the  case  of  the  B-52  and  the 
F-lll,  the  rudders  are  not  included  in  either  the  hours  or  the  weight.  Including  the 
rudder  probably  would  not  effect  hours  per  pound  greatly,  but  would  shift  weights 
somewhat  to  the  right  on  the  chart.  Figures  85  through  88  show  available  data  for 
vertical  stabilizer  structure  on  the  same  basis  as  the  previous  figures.  Cost  trends 
compare  with  those  seen  for  the  horizontal  stabilizer. 

Summary  of  Structure  Subassembly  Costs 


Costs  for  structure  subassemblies  were  found  to  follow  understandable  trends.  No 
outstandingly  low  costs  per  pound  were  found.  On  some  aircraft  the  actual  cost  of 
structure  is  rather  low  compared  to  the  total  program  cost.  For  example,  in  the 
HG-aircraft  B-58  program,  disregarding  the  structural  cost  aspects  of  the  flight 
test  and  pod  programs,  the  cost  for  basic  aircraft  structure  itself,  including  RDT&E, 
was  only  14.5  percent  of  the  total  program  cost. 


Figure  77.  Wing  Structure  Hours  per  Lb.  versus  Wing  Weight  (First  Shipset). 


Fig-,  e 81.  Horizontal  Stabilizer  Structure  Hours  per  lb.  versus  Horizontal  Stabilizer  Wt.  (First  Unit). 


Horizontal  Stabilizer  Structure  Hours  per  lb.  versus  Horizontal  Stabilizer  Wt.  (Cum.  Avg.  100th  Unit) 


:e  86.  Vertical  Stabilizer  Structure  Hours  per  lb.  versus  Vertical  Stabilizer  Weight  (Cum.  Avg.  50th  Unit) 


Vertical  Stabilizer  Structure  Hours  per  lb.  versus  Vertical  Stabilizer  Weight  (Cum.  Avg.  100th  Unit) 
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APPENDIX  A 


SUPPLEMENTAL  COMPLEXITY  FACTOR  DATA 

This  appendix  consists  of  a series  of  seventeen  worksheets  that  provide  back-up  data 
for  the  derivation  of  complexity  factors  used  in  the  estimating  procedure  as  outlined 
in  Volume  IV.  The  derivation  of  complexity  factors  is  described  in  Volume  I,  pp.  51- 
58. 
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